The series Occasional Papers presents studies and documents on issues pertaining to the institutional tasks of the Bank of Italy and the
Introduction 1
The Survey of Household Income and Wealth (SHIW) conducted by the Bank of Italy every two years is widely used to analyse the economic behavior of Italian households. However, like those of all the surveys of this kind, the data are subject to various measurement errors, above all the tendency of wealthy families to decline participation and the unwillingness of respondents to state their full income and wealth.
Over the years, a good many studies have shown how the resulting downward bias is the main factor in the substantial differences between the sample estimates and other sources of data on households' budgets (both macroeconomic, such as the national accounts, and administrative, such as supervisory reporting and censuses).
This study first reviews the methods used over the years to adjust the SHIW data. We then explore the possibility of simultaneous application of some of them to the surveys carried out from 1995 to 2012. The aim is to assess the possibility of micro analysis on some of the main variables that determine the living conditions of Italian households (income, wealth and debt) through estimates that are consistent with the other macroeconomic information. Although the latter too is subject to measurement errors, we try to take advantage of the strengths of each kind of source. The paper finally discusses the extent to which these data can be used in microsimulation models.
A short review of the literature
Sample surveys inevitably have problems of measurement error and systematic non-participation. Notwithstanding substantial efforts to prevent and minimize these errors, ex-post adjustment is essentially unavoidable.
The correction methods set out in the literature fall into two broad categories (see Nicolini et. al, 2013) . The first is the design-based approach, which serves chiefly to address the problem of non-response. Sample selection is taken as a two-phase process. The sample selected is the one obtained in the first phase, while the sample actually interviewed (respondents) is treated as the product of a second stage of sampling. Each unit in the population has a certain probability of participating in this second phase, which can be estimated in various ways and then used to construct estimators with better asymptotic properties. This is done by modifying the sampling weights.
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2 Deville and Särndal (1992) extend the calibration techniques by including the totals of quantitative variables. Fuller et. al (1994) first note that linear calibration implicitly adjusts for non-response if the model for non-response is linear. On this basis, other studies have introduced extensions. Folson and Singh (2000) find a general formulation that includes non-linear functions too in the calibration. Deville (2000) introduces the concept of generalized calibration, which allows inclusion of variables that explain the non-response but for which no external information is available at the population level (such as the information collected by the interviewers). Kott and Chang (2010) , taking up an idea of Deville (2000) , propose including the same variable of interest in the generalized calibration to correct the distortion due to the non-negligible non-response.
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The second, model-based approach is characterized by two requirements: a model for the distribution of the measurement error and auxiliary information to estimate the parameters of the model. Among the various models found in the literature, those most suitable for our purposes are imputation methods. For a general description, see the seminal work of Rubin (1978 Rubin ( , 1987 . These methods are mainly used to address the issue of item non-response, but they can be readily generalized to the problem of measurement error. In fact, the variable affected by error may be deemed unrealistic for certain observations and a plausible value accordingly imputed 4 .
In any case, the two approaches have some shared traits, so that clear separation is not always easy. For example, the weighting adjustment can also be seen as a method of value imputation consisting in compensating for the missing responses by using those of the respondents with the most similar characteristics; in the same way, the imputation of plausible in lieu of respondents' claimed values can be thought as a re-weighting method.
Further, within the design-based framework a model-assisted approach has recently been developed: the model describes the relationship between the variable of interest and one or more other variables for which external information is available in order to generate estimators with better asymptotic properties (which are always evaluated in a design-based framework).
That said, it is still possible to summarize the pros and cons of the two approaches. For more detailed discussions, see Gelman (2007) and Brick (2013) .
One assumption generally made in both approaches is that the missing data are missing at random. By this assumption, the auxiliary variables available contain all the information necessary to make the adjustment.
The difference between the two methods emerges clearly when the corrections involve multiple variables. The model-based approach usually allows for a more flexible and tailored form of correction for each variable. For example, the underreporting of financial investments is likely to be different from that of self-employment income (Neri and Zizza (2010) ), so the use of imputation models specific to each variable would make for more effective correction.
Moreover, the imputation of one variable could require recalculating the derived variables, such as when some component of household wealth is imputed, which means modifying not only the aggregate wealth but also the financial income it generates.
Finally, imputation models modify the correlation among the variables associated with the one that is imputed, so careful study of the effects on associations is required 5 .
In the case of weights-adjustments, the internal consistencies between the variables are preserved by definition. This represents a definite advantage, especially for 3 For a more detailed description of the approach, see for instance Oh and Scheuren (1983) . The statistical properties of these estimators are analyzed in various studies. For example, Little and Vartivarian (2005) show that if the variables used to construct the weights are associated both with non-participation and with the variable of interest, the bias and the variance of the estimators are reduced. More recently Kott and Liao (2012) present an estimator that allows a dual protection against non-response bias. 4 For a recent example of the use of these imputation models, see Peytchev (2012) , who uses the technique to adjust jointly for non-response and measurement error.
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One solution is to impute according to a sequential scheme, to ensure consistency among the imputed variables. 7 micro analysis. On the other hand, a modification of the weights results in a modification of the distributions of all the surveyed variables, and should therefore be carefully monitored.
The model-based approach, working at the level of the single observation, generally yields estimates with smaller variance than would be obtained by modifying the weights. Consider, for example, financial assets, which are heavily concentrated in the hands of a limited number of households and subject to significant under-reporting. This means that a part of the sample could be subject to very substantial weight adjustment, which could increase overall variability. And in these cases it is not uncommon for the method not to converge, as it fails to align the sample with both financial and socio-demographic external information.
Model-based methods afford greater opportunity to make adjustments that relax the missing at random assumption by giving researchers more flexibility in model specification. However, model-based estimators may have problems of robustness when the model's assumptions -which are not normally testable -are violated. Holt and Smith (1979) show instead that robustness (i.e protection from erroneous specification) is one of the strengths of the post-stratification.
According to Lohr (2007) , model-based estimators are less desirable for the producers of official data and statistics, in that they entail more choices to be defended than design-based estimators. Further, the design-based approach is simpler to use and accessible to a wide variety of users.
The weight adjustment approach allows easy alignment of the survey findings to external sources like the census. The estimators obtained by these techniques generally have desirable statistical properties: in most cases the accuracy of the estimators can be increased, and if the variables used for calibration are also correlated with non-response, they also reduce bias (Little, Vartivarian 2005 ).
Yet it should be borne in mind that the choice of the method of adjustment is basically driven by the information that is available. If, for example, the only available auxiliary information is population totals, the design-based approach is preferable; but if auxiliary data are available at the individual level, then the model-based methods too may be employed.
In any event, the two approaches should not be considered as alternatives. This paper is intended as an instance of their joint use to align one particular survey (the Survey of Household Income and Wealth) to a variety of external sources.
Previous adjustments on SHIW data
The discrepancies between SHIW estimates and the corresponding macro aggregates have been public knowledge for decades. In the Bank of Italy Bulletin in 1970 Ulizzi, describing the findings of the 1968 survey, observed that "Among the mentioned errors [non-sampling errors], special reference is due to those attributable to the reticence of respondents about the financial assets held. The experience gained in numerous analyses, some of which are specific on the subject, has revealed considerable reluctance on the part of families to provide information on the ownership of financial assets (...). For savings and income, collaboration of respondents is generally better, being less the aversion to provide data on flows than on stocks. "
In those years, Ulizzi had worked on the under-reporting of financial assets using techniques of exact matching. He sought to interview about 900 persons whose 8 true securities assets were known from other sources. Thirty per cent did not take part; the average value of the non-respondents' financial assets was only slightly higher than that of the respondents. This finding is most significant, as it suggests that the effect of non-participation on the overall estimates may be only marginal. But the average value of securities declared by the respondents was considerably lower (15 per cent) than their actual holdings. Most of the overall discrepancy was produced by non-reporting: that is, over 60 percent of the respondents denied any ownership of securities, and most of the others under-declared or refused to answer. Non-reporting and under-reporting were more common among the wealthiest households. This first study has been followed by many others focusing on non-participation and under-reporting 6 .
The survey is intended to be representative of the resident population. Since the selection of households is from municipal civic registers, which are not always perfectly accurate, some groups may be under-represented in the sample, such as recent immigrants, who do not always comply with the obligation to notify the authorities of changes of residence in Italy or departure from the country.
However, the main source of inaccuracy in the estimates is far more likely to be sample composition, as determined by the type of households that are not interviewed.
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Whether the reason for non-interviewing is explicit refusal or unavailability (not at home at the time set), it represents a problem for statistical surveys, a selection bias that may produce samples in which those less willing to cooperate (or not reached) may be under-represented. Since the estimates draw information from respondents only, the bias increases with the share of non-response and with the difference between the average values of respondents and non-respondents.
The SHIW incorporates various procedures to limit the effects of nonparticipation (Bank of Italy, 2014). First, households that cannot be interviewed are replaced by others, randomly extracted, in the same municipality. This controls for the potential source of bias due to the relationship between the local and household characteristics. Second, post-stratification is performed on the basis of some individual characteristics, in order to balance the weights of the different population segments within the sample. This is done by raking techniques, which impose the alignment of the weighted distributions of the sample by sex, age, geographical area and size of municipality with those of entire population.
However, some bias can be presumed to remain, since particular groups of households (say, the wealthy) may be less likely than others to be interviewed. This is hard to gauge, because information on non-respondents is not generally available.
In an examination of panel attrition, Cannari and D'Alessio (1992) compared the households that ceased collaboration with those that continued to participate in the survey. The non-response behavior in the panel was then extrapolated to the entire sample, and the under-reporting of income due to attrition was estimated at 5 percent.
Other methods have also been applied to this question, and in particular procuring information on households that have never been interviewed, in whose regard studies like the foregoing are impossible. Analysis of the call attempts needed to get the interview (i.e., the number of visits or phone contacts to persuade families to 6 A number of studies have compared the survey estimates with those derived from other sources. See for instance Brandolini, 1999, and Bonci Marchese and Neri, 2005 . In what follows we refer only to works that suggest methods of adjustment of the sample estimates. For a review of the literature see D 'Alessio and Ilardi, 2013. 9 participate) can indicate the kinds of households that are hardest to interview and thus help in correcting sample weights by estimating the actual probability of participation of each household interviewed. D' Alessio and Faiella (2002) showed that when these aspects are taken into account, income and wealth estimates increase; households' average income and wealth differ depending on how easily they make themselves available for interviewing. Respondents who are persuaded to participate after an initial refusal show average income and wealth 20 and 30 percent higher than the overall average; those interviewed after not being found at home the first time, a few percentage points below the overall average. D'Alessio and Faiella (2002) also study a sample of about 2000 households whose information had been matched anonymously with some banking information; in this case they show that non-response is not random but is more frequent among the wealthiest families. The bias detected was greater for financial assets (with adjusted estimates 15 to 30 percent higher than unadjusted ones) than for income (underestimation of 5 to 14 percent), probably because of the greater inequality of the distribution of wealth than of income . Neri and Ranalli (2011) , using the results of a telephone survey conducted on SHIW non-respondents, report greater difficulty obtaining interviews from the wealthiest households and propose a corresponding adjustment of sampling weights. The result is confirmed by a more recent work, D'Alessio and Iezzi (2014).
Another issue relevant to the adjustment of the sample estimates is underreporting, i.e. the non-declaration or undervaluation of real estate and financial assets and income. inquired into the SHIW estimates of real estate wealth. They found that the number of residential properties was quite well estimated, but that the number of rented homes according to landlords' declarations was inconsistent with tenants' answers. And a comparison with census estimates showed that the survey also underestimated the number of vacation homes. The authors proposed a method for correcting the survey estimate of the number of dwellings according to owners' reports, namely imputing additional homes to the sample households on the basis of estimated probabilities of owning a second residential property. 8 Cannari, D'Alessio, Raimondi and Rinaldi (1990) performed a statistical matching of the financial assets declared by SHIW respondents with data provided by a sample of commercial bank clients from a survey carried out by the bank. Assuming that there was no under-reporting in the latter, the authors used statistical models to estimate both the probability of holding the various types of asset and the true amounts that the various types of household should hold. Comparison with the SHIW estimates showed that non-reporting was more frequent among some types of household (the poorer and less educated), under-reporting among others types of household. On the 8 The distribution of the number of dwellings (excluding the primary residence) is modeled by a Poisson distribution whose mean depends on a vector of observable characteristics (age, education, gender of the household head, household income, municipality of residence, etc.). The survey data are used to estimate the probability of a household's owning second homes, which in turn are used to impute the missing dwellings (i.e. the difference between the more reliable census data and the survey data). whole, the primary factor in the SHIW's underestimate compared to the aggregate data was under-reporting. The adjusted estimates obtained by a design-based approach are about twice the standard SHIW estimates, but even so there is some difference from the macro data. Although in some instances the revisions are quite substantial, the relative proportions of assets held by the various categories of households are not greatly changed. Cannari and D'Alessio (1993) , with a more complex model-based methodology, also showed that the Gini concentration index is not significantly affected by the adjustment. Brandolini et al. (2004) study Italian wealth distribution after adjusting for the underestimation of real and financial assets.
The statistical matching between commercial bank data and SHIW data has been replicated more recently (D'Aurizio et al., 2006) . The adjusted estimates of financial assets average more than twice the original figures, reaching 85 percent of the aggregate. The adjustment is larger for households whose head is old or poorly educated. The paper also adjusted financial liabilities, whose corrected values are on average about 40 percent higher. Neri and Monteduro (2013) propose an adjustment of housing wealth based on the aggregate distributions of ownership from tax records. SHIW tends to underestimate both the number of taxpayers who own just one and those who own more than five units of housing. Correcting the SHIW data by aligning the sample data with the administrative data increases total housing wealth by about a quarter. The adjustment does not significantly affect the concentration of wealth or the association between wealth and some socio-demographic characteristics.
As to the under-reporting of income, Cannari and Violi (1995) , on the pattern of by Pissarides and Weber (1989) using British data, applied a method of 'indirect' reconstruction of real income, positing that income is correctly detected for some population groups and that some components of consumption are measured without systematic error for all groups. Under these hypotheses, the relationship between consumption (food consumption) and income is estimated using the sub-sample for which income data are accurate. For the rest, the relationship can be reversed, reconstructing estimated income consistent with observed consumption.
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This approach was replicated by Neri and Zizza (2010) using the value of the household's primary residence (which can be assumed not to be under-reported, thanks to face-to-face interviewing), not food consumption. The relationship between the value of the dwelling and income is first estimated for civil servants and then applied to the self-employed, to derive a consistent amount of labour income: the adjustment of the estimates is substantial (about 36 percent of income). The authors then develop corrections for other income components, largely based on revisions of paper described above. Cifaldi and Neri (2013) use the results of previous studies to correct the SHIW income and consumption data and discuss the effects of their differential underreporting on the estimate of the household saving rate.
Adjusting for non-response and under-reporting
As we have seen, the SHIW sample estimates of income and wealth fall significantly short of the relevant macroeconomic estimates. The differences are due in part to non-response but mainly to under-reporting.
In this section we set out several possible methods for adjusting the sample data. Sometimes corrections are based on external information at individual level; in other cases, the procedure posits that the national statistics are available and correct and so align the sample data with them, by minimizing a distance function defined on sample weights. Here, as noted, we discussion several adjustment methods. Comparative analysis of the various results is left to the subsequent section.
Proportional adjustemt -C 1
The most elementary adjustment procedure, which we take as a benchmark and denote by C 1 , simply inflations the sample values y i by the coefficient k = Y T / y T , the ratio of the total known population value to the total sample estimate.
This method is based on a very simple under-reporting model, assuming that for every individual the amount declared y id is a constant fraction of the true amount y i , plus an error term:
Simple as it is, this model can be useful, especially to adjust single components of income and wealth. Income and wealth obtained as the sum of inflated components can offer helpful indications on how under-reporting affects averages and concentration indices. On income, for example, the method separately corrects the data on wage or salary income (YL), pensions and other transfers (YT), income from self-employment (YM) and income from capital (YC). In the same way, for wealth the method can be applied to each single component -real assets (AR), financial assets (AF), and financial liabilities (PF) -which immediately indicates the extent of the greater underestimation of financial than real assets.
Of course, this estimator absolutely cannot adjust for non-reporting, i.e. the failure to declare a certain asset or source of income, as only the declared amounts are inflated.
Adjustment based on interviewer score -C 2
To get information on possible under-reporting, the SHIW also collects some paradata, asking interviewers to judge the reliability of respondents' answers on income and wealth. The judgment is based on the correspondence between the answers and the other information available, such as area of residence, type of property, apparent standard of living (furniture, etc.). In the 1993 and in 1995 waves this information on reliability was only qualitative (totally unreliable, fairly unreliable, fairly reliable, totally reliable); from the 1998 survey onwards the opinions of the interviewers were expressed with a score from 1 (totally unreliable) to 10 (totally reliable).
On the whole, the truthfulness of the answers is deemed satisfactory for all the years examined (Table 1) : in 1993 and 1995, between 85 and 90 per cent of the responses are judged to be satisfactory (fairly or totally reliable); for subsequent surveys, shares are similar if one considers as satisfactory all scores of 6 or better. The average increases in the last two years.
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Nevertheless, the judgments are not homogeneous in the sample. The scores are regularly higher for employee households, better educated households and those in the Centre and North. This information seems to complement that obtained in advance and can serve to correct the sample estimates. We therefore estimate the following model:
where x i is a vector of control variables and v i is the interviewer's truthfulness score on income and wealth answers. Once the contribution of component V is estimated, we can estimate the income and wealth that the household should have declared to get the maximum truthfulness score (v i ).
This model suggests that the interviewers' judgments do capture some elements of under-reporting. For instance, the revaluations of income and wealth are greater for the self-employed than for pensioners and employees. Nevertheless, the average adjusted values remain quite distant from the totals known from aggregate sources.
One alternative estimator (which we can designate C 2 ) takes interviewers' scores into account and totally aligns survey and aggregate figures:
where k is an inverse function of the interviewer's score v i
When v i is maximum (v i =10) there is no correction; when it is lower the adjustment is proportional to the distance from peak score. The coefficient  is calibrated so that the sample estimate of the total y T is equal to the total drawn from the macro source Y T .
As above, the estimator does not correct for non-reporting. 
The adjustment of single phenomena -C 3
External information can sometimes improve estimation. Below we present the adjustments for non-response and under-reporting of income by self-employed workers, of real estate assets (other than primary residence) and of financial assets. These corrections are designated respectively as C 3A , C 3B , C 3C , C 3D ; together, as C 3 .
Non-response -C 3A
The adjustment for non-response is based on Neri and Ranalli (2011) . The methodology corrects sampling weights as follows:
where ) ( NR c w is the weight adjusted for non-response of households in the class c,
is the design weight, and c  is the correction factor (defined as the inverse of the estimated participation probability of this class of households.
For panel households we use the information available from the past survey combined with contact attempts by the interviewers. The probability of participation is estimated by a logistic model, using as covariates the geographical area and the size of the municipality, the income and wealth brackets, and the interviewer's judgment on the climate in which the interview was carried out. In order to avoid outliers, the probabilities estimated are then grouped into deciles, and each household is assigned the relevant decile's average probability of participation.
For non-panel households, instead, we use data collected on a sample of nonrespondents 10 . In the 2008, 2010 and 2012 waves, the main, face-to-face survey was followed by telephone survey of a sample of about 500 non-respondents whose telephone numbers could be found and who agreed to a brief interview. In total, across all the surveys, 863 not-panel households provided data. For each survey, this sample is appended to that of the regularly interviewed households. We then estimated a logistic model to obtain the probability of belonging to the group of non-respondents. The covariates were geographical area and size of the municipality, age, employment status, education, home ownership, number of household members and number of income earners.
The correction method depends on some simplifying assumptions. First, the nonresponse is assumed to be a function of the observed variables only (missing at random). Second, the non-response and measurement errors described below are assumed independent of each other. Consequently, the adjustment described here is made independently of all the other adjustments.
Adjustment of self-employment income -C 3B
As we have seen, the under-reporting of a group of respondents can be estimated by using a benchmark group in whose regard the absence of under-reporting is plausible (say, employees). If for the entire sample we have some income-related indicators that are not affected by measurement error, they can be used to estimate income indirectly. In what follows we take the value of the primary residence as the pivotal variable to correct the under-reporting of self-employment income. As the interviews are conducted in person and at home, this value cannot be easily concealed from the interviewer, so we imagine that it is not systematically underestimated, or at least less so than income.
The extent of under-reporting by households whose head is self-employed can be estimated by the following model:
where it is assumed that the logarithm of the indicator V is a function of a constant , the logarithm of the declared income Y d (which in the case of the control group coincides with the actual income Y), other characteristics (sex, age etc.) collected in the matrix X, and a dummy A for self-employed households. Assuming that the two sets of households behave in the same way with respect to V, the portion of income declared by the self-employed  can be estimated from equation (4) as:
The coefficient  is not theoretically restricted to the interval 0-1, although in the estimates computed it always did fall there.
The first column of Table 2 gives the estimated coefficients  for the three geographical areas and for the whole sample. The coefficients indicated under-reporting of about 35 percent, slightly more in the South.
To compensate for possible measurement errors in the independent variables, we made an instrumental variables estimate; by these new estimates income underreporting by the self-employed was reduced to between 10 and 20 percent, and the greater under-reporting in the South disappeared.
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In the following we use a single adjustment factor at national level, which we estimate at 20 percent. 
Adjustment of real estate other than primary residence -C 3C
A significant share of Italian households' wealth consists in real estate. Most of these properties are primary residences, whose SHIW estimate is close to that resulting from other surveys such as EU-SILC or from census data. Dwellings other than the 11 Neri and Zizza (2010) , with a slightly different method, re-value self-employed earnings by about 36 percent; Cannari and Violi (1995) estimate an increase of about 25 percent. primary residence, however, are underestimated. The first evidence of this came from consistency checks between some SHIW estimates . The number of dwellings that the owners declare they rent to other households can be compared with the number of tenants interviewed, i.e. those who say their home is owned by someone else.
If there were no under-reporting the two estimates wouldbe equal, save for sampling fluctuations. Actually, however, the number of houses declared by the owners is substantially underestimated at between 1 and 1.5 million, while the number of tenant households comes to 3 million. In other words, only 30 or 40 per cent of rental homes are reported by their owners (Table 3) Comparing the interviewees' reports on housing with census data reveals about the same level of under-reporting (Table 4 ). According to the SHIW, in 1991 there were about 15.3 million homes owned by households, whereas the census put the number at 22.9 million 13 . Considering that there were some 12.4 million primary residences, we can estimate that the share of houses reported -excluding first homes, which are presumably not unreported -is less than 30 percent. The breakdown of this indicator by region shows the highest values for North and the Centre compared to South and Islands. Since according to survey data about 90 percent of the properties owned by families is located in the same geographic area of residence (the share rises to 98 percent for housing rented to families), it is likely that the observed gap is due to the higher level of underreporting that characterizes southern families.
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Part of the gap is likely due to the presence of dwellings in usufruct or in free use.
14 See for example and Brandolini, Cannari, D'Alessio and Faiella (2004) . 15 The method assumes that the number of dwellings follows a Poisson distribution. The method (C 3 ) imputes the difference between the number of houses declared in SHIW and those resulting from the census, suitably interpolated for the years between censuses (Bank of Italy, 2012). The imputation model comprises various characteristics and different average value of primary residences and other homes.
In valuing houses, the C 3 adjustment takes account of respondents' tendency to overestimate their actual market value, ignoring the usual difference between the price asked by the seller and the price paid by the buyer. According to the survey of the housing market (Bank of Italy, 2013) this gap averages between 10 and 15 percent; we take 12 percent. 
Adjustment of financial assets -C 3D
A detailed comparison between the Financial Accounts and the SHIW estimates of financial wealth was made by Bonci, Marchese and Neri (2005) The sample of clients, stratified according to brackets of financial wealth, geographical area and size of the municipality of residence, was made up of 1,834 households. Before the matching experiment, a post-stratification was performed in order to reproduce the main socio-demographic characteristics of the population of bank customers in Italy.
The adjustment of the SHIW data was in two steps. First, reticence was measured by comparing the customers' declarations with the real data on the stocks they held, as a function of the amounts declared and the socio-economic characteristics of households. Second, these estimated reatios were applied to the SHIW sample to obtain adjusted financial wealth for the entire population of Italian banking customers.
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The comparison between the survey data and the administrative data on house prices confirms that respondents tend to overestimate the market value of the homes they own.
The methodology here proposed amends that described only to extrapolate the adjusted estimates for subsequent years. For the years before 2010, instead, we use the adjustment method of Cannari and D'Alessio (1993) .
Calibrations -C 4 / C 8
Sample surveys quite commonly incorporate auxiliary information from external sources in the weights. A typical use is post-stratification, or raking, techniques that are used in the SHIW. For instance, this method aligns the socio-demographic composition of the sample with some distributions known from the census, so as to reduce (in general) the standard errors of estimates of the variables that are related to sociodemographic composition (for example, income). These treatments also provide samples for which the known characteristics (say, composition by sex or age) exactly reproduce the data known from other sources.
Starting with Deville and Särndal (1992) , the calibration techniques have been generalized to include, in the a priori information set, not only the distributions of qualitative or ordinal variables but also the totals of quantitative variables. Using numerical algorithms, this method finds adjustment weights that are as close as possible to the design weights (by a distance criterion), and at the same time satisfy the constraints on sample composition (as in traditional raking) and the totals of certain variables (e.g. total income). In what follows we refer to the calibration techniques implemented in the SAS macro Calmar (Sautory, 1993) .
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The strategy was to impose the alignment of distributions of the sociodemographic characteristics of the household head resulting from SHIW as well as total income by source or type of wealth, as described in Table 5 .
The alignment of the sample with the totals of the four sources of income (employment YL, pensions and other transfers YT, self-employment YM, and capital YC) and total net wealth W is obtained with an increase in the deviation standard of the weights that, on average in the years considered, from 1.01 to 1.87.
18
Aligning the sample estimates of totals to the known values of the various forms of wealth is more difficult. The calibrations that take account of the totals of the main categories of real assets (AR), financial assets (AF) and financial liabilities (PF), in addition to income (Y), converge only in some years, and with a significant increase in the variability of the weights. Imposing additional constraints, such as that of total risky assets (AF3) or the distribution of housing other than the primary residence (OTHERW), the algorithm does not converge. Imposing constraints regarding both income and wealth does not appear feasible.
In short, this first block of calibrations shows that if income convergence is attained with a set of weights whose variability is not too great compared with the initial weights, for wealth convergence is attainable only with much more highly variable weights and with a limited set of variables. Presumably this reflects the greater under-
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The Calmar macro furnishes four criteria to search for solutions: linear, raking, logistic, and linear truncated. we use linear truncation, which in most cases produces a solution and avoids negative weights.
reporting and greater concentration of wealth than income. Another factor could be some inconsistency between SHIW data and the constraints used in the calibrations.
The calibration of total wealth was replicated (for 2010 only) with an enlarged sample that combines SHIW households with 198 households identified by the Italian Private Banking Association (AIPB) with a sample scheme and a questionnaire similar to those of the SHIW. These households, selected among AIPB bank customers, all hold more than €500,000 worth of financial assets, although, as in SHIW, they do not necessarily declare the full amount possessed.
The integration of the two samples was done by post-stratification, computing in SHIW the share of households with that amount of wealth and reproducing the same share in the combined SHIW-AIPB sample.
The higher frequency of wealthy families in the combined sample produces a smaller increase in the standard deviations of the weights (2.60) when control of totals of the forms of wealth is imposed. The adjustment of the sample weights remains problematic when alignment with the number of properties owned (other than the primary residence) is also required.
The results thus far suggest the difficulty of applying the calibration methods to substantially under-reported data. Therefore, we repeated the calibration experiments on SHIW data whose weights take account of non-responses and whose data on real estate, financial assets and income of the self-employed were adjusted beforehand by the procedures described above (C 3 ).
Calibrations on adjusted SHIW data on sources of income and total wealth (C 6 ) have weights of relatively low variability (the standard deviation of the final weights, on average across years, is 1.91). And taking total real assets (AR), financial assets (AF) and financial liabilities (PF), and total income (Y) -(C 7 ) -the calibrated weights have a variability (1.35) only slightly higher than the design weights (Table 5 ).
The alignment with the total of types of both income and wealth (C 8 ), applied to already corrected data, yields weights whose standard deviation is significantly greater (2.77).
Various hypotheses could be evaluated, adding or eliminating constraints. In any case, we believed the material was sufficient for a comparative assessment of the results generated by the foregoing corrections of SHIW data. (*) The standard deviation of weights in adjustments C 1 and C 2 is equal to that in C 0 . (**) Includes the marginal distribution of sex, age and profession of household head, number of household members, size of municipality, and geographical area. (***) Adjustment for non-response, number of houses other than primary residence, the value of houses, financial assets, and income from self-employment.
5.Assessment of the 2012 estimates
Tables A1, A2, A3 and A4 in the Appendix show the average values of income and net worth, by household characteristics, calculated both on SHIW data and on the adjustments considered above.
In the proportional correction (C 1 ), the greater appreciation of self-employment than salaried income changes the relative position of entrepreneur households with respect to managers, whose incomes are modified only marginally. The other selfemployed workers also have larger than average corrections, employees less than average. The average profiles for the other characteristics are not greatly altered by this adjustment. The ratios between the initial and final values of households residing in the various geographic areas, for example, are almost identical.
For net wealth, the procedure tends to the values for the North more than for the Center or South. The wealth of the elderly and the better educated also change more than the average. Adjustment C 2 , which incorporates interviewers' judgments, does not differ greatly from C 1 ; income and wealth of entrepreneurs and university graduates are revalued somewhat less than C 1, those of other persons and residents in the South a bit more.
Among the corrections denoted as C 3 , that for non-response (C 3A ) yields average revaluations of 9 per cent for income and 15 per cent for wealth. The revaluation is greater for entrepreneurs and other self-employed workers, less for executives and managers. 20 The correction of self-employment income (C 3B ), which is increased by 25 per cent, results in a revaluation of total income of 3.9 percent; obviously the increase in total income is greater for the self-employed.
The correction of properties other than the primary residence (C 3C ), which increases the number of properties owned but decreases their market value, increases income by 3.8 per cent and wealth by 3.1 per cent.
The adjustment of financial assets (C 3D ) increases the wealth by an average of 18 per cent; and income is indirectly revalued by 3.7 per cent as a result of the allocation of the corresponding earnings. Here, in contrast to the previous two corrections, the appreciation of the wealth of the self-employed and managers is smaller than the average.
Altogether, the four adjustments C 3A -C 3D result in an increase of 19 per cent in average income and 37.7 per cent in net wealth. Even so, the sample estimates of the totals are lower than the National Accounts figures. The income of the self-employed increases significantly (due to the specific adjustment C 3B ), but their wealth is revalued by less than the average.
The calibration of the income sources (C 4 ) involves appreciable revaluations of both income (30 per cent) and net wealth (23 percent), aligning the means to those derived from the national accounts. The revaluations are greater for the self-employed, for larger households, for residents in smaller municipalities (up to 40,000 inhabitants), and in the South. For employees (particularly production workers and teachers), the revaluations are modest. For net wealth -the method only controls for consistency with the aggregate total -the holdings of self-employed workers and entrepreneurs are revalued very substantially, while those of executives, workers and retirees are decreased with respect to the interview figures.
The calibration of the different components of wealth, while controlling for total income (C 5 ), is quite unstable. Overall, the calibration confirms the indications of correction C 4 , with a greater revaluation of both income and wealth of households in the North.
The revaluations generated by calibrations C 6 , C 7 and C 8 (applied to the data already adjusted by corrections C 3A -C 3D ) are not always fully concordant. All in all, the greater appreciation of the income of the self-employed and of university graduates is corroborated. But on wealth the results of these household types are mixed, above average in some cases and below in others. Overall, the income profiles produced by correction C 3 have the closest correlation with the unadjusted SHIW data, both for income and for wealth. This correction rather faithfully preserves the picture furnished by the unadjusted data.
Among the adjusted estimates of income, the greatest variability is that connected with professional qualification. The estimates of the income of executive, entrepreneur and other self-employed households are quite variable, which may be due in part to their low sample weights.
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On the whole the estimates of net wealth confirm this pattern, albeit with sharper revaluations owing to the greater variability of wealth than of income estimates. Note that some of the adjusted estimates of net wealth are smaller than the unadjusted estimates, mainly because of a reduction that takes account of the problems of valuation of properties in survey data.
The corrections frequently produce weaker correlations between the adjusted variables (Tables A5 and A6 ). The correlation between income and wealth, which in the unadjusted data is 0.57, falls to 0.50 and 0.44 with corrections C 1 and C 2 ; but with C 3 , which imputes houses and financial assets and the incomes generated by these assets, it increases (0.62). The calibrations show no common pattern: in some cases they strengthen the correlation (C 5 and C 7 ), in others they weaken it. Other indices of the degree of concordance between the variables provide similar indications.
The index of concentration of adjusted income (both absolute and equivalent) is always higher than that of unadjusted income, especially when calibrations are applied. The index of wealth concentration based on the C 3 correction is slightly lower than that computed on unadjusted data. All the corrections applied to adjusted data (C 3 ) gave higher values than those on unadjusted data (Tables A7 and A8 ). Overall, these findings appear to suggest that the survey may underestimate the concentration of both aggregates. 
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(*) The picture reports the average values of household net wealth of unadjusted SHIW data (C 0 , bold line) and of the adjustments (C 1 , C 2 , C 3 , C 5 , C 7 and C 8 ) (see table A3 ). Table A9 shows the variability of these estimates and an estimate of their distance from the National Accounts values -distance which we simply call "bias", although clearly the aggregate estimates too are subject to errors of various kinds.
The SHIW estimates of both income and wealth have low standard error but high bias. All the other estimators have less bias (or none), although the result is obtained by an increase in variance.
These two aspects can be assessed jointly by mean square error. Overall, excluding the estimators that simply re-proportion the values (C 1 and C 2 ), the C 7 estimator performs best for both income and wealth.
Comparing the distribution of the number of properties (other than the primary residence) as estimated from tax data 19 with our various corrections (Table 6) , we see that the SHIW substantially underestimates real estate holdings (85 per cent of the survey households claim they own no other properties, as against 68.2 per cent in the tax data). All the corrections reduce this gap except for C 4 , which mainly corrects income rather than wealth, and C 9 , which refers to the SHIW-AIPB sample.
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The most satisfactory corrections are those of previously adjusted data (C 3 ), in particular C 6 , C 7 and C 8 , which are also calibrated. We have seen that the calibrations can increase the variability of the weights and produce unstable estimators. To get more robust estimates we can take data from contiguous surveys, on the assumption that these represent the structural characteristics of the population, and use the calibration techniques to bring the estimates to the year we want. For example, to get more robust estimates for 2012, we can use data from the 2008, 2010 and 2012 surveys jointly and then calibrate applying the constraints for 2012. The procedure can be replicated for the other two years.
21 Inflation is quite low during our period, but monetary variables can in any case be readjusted on the level of the single-year estimates. Since the estimates of the three years are derived from the same dataset and since they only differ in the constraints used, this method yields information on changes in the profiles induced by changes in the constraints themselves. Table A4 shows how the C 6 corrections for 2008-2012 compare with these robust estimators (C 6 R ). The C 6 R estimators are much less variable from year to year than the C 6 estimators, since as noted they express only the effect of the change of constraints. We find no excessive, implausible changes in these estimators, like that, for example, for the C 6 estimator for households whose head has lower secondary education.
This method can also be used to evaluate forecast or simulated scenarios, using constraints for years subsequent to those to which the micro data refer. To assess this practice, we have applied the 2012 constraints for C 6 to the 2010 SHIW data, after reproportioning the mean of income and wealth.
The percentage changes between the 2010 and the 2012 estimates based on the C 6 correction show some consistency with those obtained by comparing the C 6 R robust estimates for 2010 and 2012 (the correlation is 0.54), indicating that a significant part of the information contained in the constraints is transferred to the estimates.
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As is shown in Cannari D'Alessio (2003) , given a panel component and phenomena that are correlated across time, this problem should be taken into account at the weighting stage. Panel households that are interviewed twice should be weighted by a function that is inversely proportional to the correlation of income and wealth across time: (1+), where is the correlation. The weight of panel households that are interviewed three times should be adjusted by [1+ (4/3) + (2/3) 2 ]. For simplicity, in the present paper none of these corrections is used.
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Conclusion
We have examined various methods of correction for non-sampling errors (mainly selectivity bias and under-reporting) in the data of the Bank of Italy's Survey of Household Income and Wealth. Corrections based on specific knowledge of the phenomena are costly, require many assumptions, and do not totally fill the gaps between the estimates and information from other sources. Calibrations appear to be an interesting instrument, but when applied to the SHIW data they are effective only in conjunction with the model-based corrections. When the estimates are very distant from the constraints, in fact, the calibrations do not converge, and even when they do they produce very unstable estimators.
In practice, application of corrections based on SHIW data indicates that a single, all-purpose correction is hard to conceive of. Adjusting the various sources of income may entail greater difficulty in obtaining adequate estimates for the components of wealth, and vice versa.
All in all, the various corrections yield quite similar profiles of the main demographics, profiles that are also similar to unadjusted SHIW data (the correction of individual phenomena, C 3 , is the most conservative with respect to the SHIW estimates). In other words, very often the adjustment does not significantly affect the relative positions of the different groups of households. However, mean square error analysis shows that the calibrations that perform best are those that correct the various components of the variables examined (corrections C 4 and C 7 for income and C 7 for wealth).
Our inquiry suggests that the unadjusted SHIW data underestimate the Gini concentration indexes of both income and wealth.
The calibration-based correction methods appear to be promising both for interpretation and for designing forecasting scenarios. When the variance of the calibrated estimators seems to be too great, more robust results can be obtained by aggregating successive waves of the survey.
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Appendix A -Statistical tables Table A1 Mean income in unadjusted SHIW data (C 0 ) and in the adjustments (C 1 -C 8 ), 2012 Table A5 Consistency between income and wealth in SHIW data (C 0 ) and in the adjustments (C 1 -C 8 ) (means 1995-2012 Table A6 Consistency between income and wealth in SHIW data (C 0 ) and in the single adjustments of C 3 (C 3A -C 3D ) (means 1995-2012) 
Table A7
Concentration index in SHIW data (C 0 ) and in the adjustments (C 1 -C 8 ) (Gini index, means 1995 (Gini index, means -2012 Table A8 Concentration index in SHIW data (C 0 ) and in the single adjustments of C 3 (C 3A -C 3D ) (Gini index, means 1995 (Gini index, means -2012 
